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PREFACE
This "Iowa Drainage Guide1’ is prepared as recommendations to 
assist public and private drainage engineers and contractors in the 
design and construction o f drainage systems. The recommendations 
are subject to change as further information is accumulated.
The recommendations presented in this guide are based principally 
on the accumulated information gained from research and f ie ld  
observations in Iowa. Two sources o f published material used in 
developing the recommendations were the Tentative ASAE recommendation, 
"Design and Construction o f T ile  Drains in Humid Areas” . published in 
the Agricultural Engineers Yearbook 195^ -j and the "Farm Planning 
Engineering Handbook” published by the United ¡Estates Department of 
Agriculture, Soil Conservation Service.
Engineers and so il scientists o f the So il Conservation Service 
and Agricultural Engineering and Agronomy departments o f Iowa State 
College cooperated in preparing this guide. Valuable constructive 
critic ism  was also received from private and public drainage 
engineers and contractors who reviewed these tentative recommendations 
on drainage.
Cooperative Extension Work in Agriculture and Home Economics. Iowa 
State College o f Agriculture and Mechanic Arts and the United States 
Department o f Agriculture cooperating. Extension Service, Floyd Andre, 
director, Ames, Iowa. Distributed in Furtherance o f the Acts of 
Congress o f May 8 and June 30* 191^.'
Agricultural Experiment Station, Iowa State College o f Agriculture 
and Mechanic Arts, Floyd Andre, director, Ames, Iowa.
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SECTION 1 , MATERIALS
IOWA DRAINAGE GUIDE*
T ile  Drainage
A. T ile  Quality - A ll t i le  installed should be in accordance with American 
Society o f Testing Materials specifications (C4-50T). Copies o f these 
specifications for draintile can be obtained from the ASTM, 1916 Eace 
Street, Philadelphia 3> Pa.
1. Standard drain tile may be used for t i l e  la id  with at least 2 fee t 
o f cover and where the t i l e  are la id  in trenches o f moderate depth 
which do not exceed the loarHncr
2. Extra quality drain tile should be specified for unusual conditions 
o f exposure or where the t i l e  are la id in trenches o f considerable
depth or width or both. See table 1 , Allowable D raintile Depths fo 
Wet Clay.
3- Concrete t i l e  should not be removed from the manufacturing plant 
until properly cured. I t  is not good practice to in s ta ll a ir  cured 
concrete draintile until 28 days a fter manufacture. Steam-cured 
t i l e  should be o f equivalent strength,
4. Clay or shale drain tile should not be strung out or stacked in 
contact with^wet ground or other sources o f continuous moisture 
during the winter or periods o f freezing or thawing, unless they 
meet ASTM specifications for extra quality.
SECTION 2 , DESIGN
A. Outlet Capacity and Depth
1. T ile  Outlet into Open Ditch - Open ditch should have depth to 
provide adequate cover on main and la tera ls with the outlet placed 
above the low-water flow line o f the ditch. I t  is desirable to 
place the bottom o f the t i l e  outlet at least 1 foot above the low- 
water leve l o f the ditch. (See C-l and D-2.)
2. T ile  Outlet into Existing T ile  Mains
a. County drains should have su ffic ien t depth to permit t i le  
latera ls to be la id  at the minimum, depth o f 3 fee t
b. Mutual or private drains should be in good condition They 
should have a capacity o f 3/8 inch per 2b hours and depth 
su ffic ien t to provide a minimum depth o f 3 fee t on la tera ls
This publication was prepared by the following nmmm'ff.oo ■
Jacobson, Lloyd Tyler, E. A. Wilcox and Erick Zach o f the S o il Cons
Service. onservation
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Table 1. Allowable D raintile Depths for Wet Clay
T ile
size
in.
ASTM Class Crushing 
strengths, 
lb s ./ l in . f t .
Allowable depth to bottom o f trench
16
Trench width in inches 
18 20 22 24 26 28 30 36
5 Standard 1,200 16.5 8.7 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Extra quality 1,600 In f In f 12.2 9.5 9.5 9.5 9.5 9.5 9.5
6 Standard 1,200 In f 8.8 6.8 .6.6 6,6 6.6 ' 6 .6 6.6 6.6
Extra quality 1,600 In f In f 12.3 8.7 8.4 8.4 8.4 8.4 8.4
8 Standard 1,200 In f 9.0 7.0. 5.8 ,5.4 5.4 5.4 5.4 5.4
Extra quality 1,600 In f In f 12.5 8.8 7-3 6.9 6.9 6.9 6.9
10 Standard 1,200 In f 9.2 7.2 6.0 5.3 4.9 4.9 1-.9 1-.9
Extra quality 1,600 In f. In f 12.7 9.0 7.5 6.6 6.0 6.0 6.0
12 Standard 1,200 In f 9.k 7.3 6.2 5*5 5.0 *f.7 |»7 M
Extra quality 1,600 In f In f 12.9 9.2 7.7 6.8 6.8 .5.6 5-6
15 Standard 1,300 8.6 7.1 6.3 5.8 5.2 4.9 4.7
Extra quality 1,600 13.1 9.5 8.0 7.J 6.3 5.8 5.2
18 S tandard 1,400 7.0 6 .5 5.9 5.5
Extra quality 1,800 9.6 8.5 7.5 6.9 5.7
21 Standard 1,550 6 .7 ; 6.2 ' 5.0
Extra quality 2,100 9.3 8.3 6.8
24 Standard 1,700 7.1 5.9
Extra quality 2,400 10.0 7.9
Note 1 Values given for the various trench widths are depths o f trench in fee t.
Note 2 Crushing strengths given are averages in pounds per linear foot based on 
sand bearing method, Specifications, fo r D raintile, ASTM Designation 
C A - 5 0 T .
Note 3 These values allow a safety factor o f 1.5.
Note 4 Width o f trench is measured at top o f t i l e .
Note 5 Loadings were computed for wet clay so il at 120 pounds per cubic foot. Some­
what greater depths are permissible for ligh ter so ils .
Note 6 Ordinary pipe laying whereby the under side o f the t i l e  is well bedded 
on so il for 60 to 90 degrees o f the circumference.
Note 7 Inf^ indicates in fin ity .
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3* Pump Outlets -- When the outlet ditch does not provide for a suitable 
gravity outlet from the t i l e  system and i t  is impractical to improve 
the ditch, pumping should be considered as a means o f providing an 
outlet. ■ Pumpirig capacity fo r f ie ld  crops:
a . When only t i l e  water is to be pumped, pump capacity should be the 
same or greater capacity than the t i l e  main.
b. When both t i l e  and surface water are to be pimped, pump capacity 
should be from ^ inch to 1 inch in 2b hours depending upon the 
ditch storage available in the watershed.
f B- Drainage Coefficient o f T ile  Systems
1. I f  designed to take pothole drainage without surface ditches, the 
t i l e  system should have ¿-inch capacity per 2b hours based on entire 
watershed. This should be provided in this type o f topography whether 
or not surface intakes are in it ia l ly  installed .
2. I f  designed to take only underground water and i f  natural or con­
structed surface ditches are provided fo r impounded areas, the t i l e  
system should be designed on 3/8 inch capacity per 2b hours based on 
land area which w il l  need t i le  drainage. See T ile  Drainage Design 
Chart, figure 1 .
C. T ile  Mains
1. Minimum depth o f cover over t i l e  mains should be 2 fe e t. Less cover 
may be used fo r short distances near the outlet or where the main 
crosses under road ditches, railroad ditches, small depressions or 
potholes. Where less than 2 feet, o f cover is used, special protection 
should be provided. Protection may be obtained by placing extra f i l l  
over the top o f the t i l e  or using metal pipe.-
2 * T ile  mains should be o f su ffic ien t depth to permit la tera ls to be la id  
at the minimum depth recommended in table 2, T ile  Depth and Spacing 
for Various S o il Groups.
3. Grade
a. Minimum: 5 - or 6-inch t i l e  . . . .  0.1 percent
8- 10-inch t i l e  . . . . .  0.08 percent 
Larger t i l e  . . . . . . 0.05 percent
b. Maximum - Use the following special construction features on mains 
which are designed to flow fu l l  and are la id  in the follow ing 
m aterial:
( l )  Sandy --
(a) Where grade is less than 1 percent, t i l e  should be la id  
with as close a f i t  as possible.
(b) Where grade is over 1 percent, sealed bell-type 
tongue and groove t i l e  should be used.
or
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F ig .  1. T ile  D ra in a g e  C h a r t  
Acres Droined by Various Sizes of Tile 
Ti/e grade in inches per iOO feet
-*  V. equals velocity in feet per second
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(2) S i l t  and Loam
(a) On grades from \ to 2 percent t i l e  should he la id  with as 
close a f i t  as possible.
(b) On grades over 2 percent sealed bell-type or tongue and 
groove t i l e  should be used or tamp clay along the t i l e .
(3) Clay
(a) On grades between 1 and 6 percent the t i l e  should be la id  
to a close f i t  and clay should be tamped firm ly around the 
t i l e .
(b) On grades over 6 percent sealed bell-type or tongue and 
groove t i l e  should be used or other approved methods as 
indicated by experience on the so il being t iled .
4» Minimum Size T ile  -- 5'in.ch t i l e  should be the minimum size fo r 
mains.
T ile  Laterals
1. Minimum size o f t i l e  should be 4 inches. Minimum size o f 5-inch 
t i l e  should be used where the following conditions ex ist:
a. Soils o f single-grained structure (e .g . ,  sand).
b. Soils containing pockets or layers o f sand.
c. Peat and muck soils over 4 feet in depth. (T ile  6 inches in 
diameter and 18-24 inches in length are usually recommended.)
d. Where the t i l e  line exceeds 1,300 fee t in length.
2. Minimum depth o f 3 feet should be provided, except where la tera l 
crosses under road ditches, railroad ditches, small depressions 
or potholes. In these places, special protection should be 
provided.
3. Maximum depth. Allowable maximum t i l e  depth in fee t should be 
as given in table 1.
Protection -- When the t i l e  main enters into an open ditch 
the end o f the t i le  should be protected against erosion and undermining.
X. Where only subsurface drainage water is outletted:
Use a section o f continuous r ig id  pipe 16 fee t long, two-thirds o f 
which shall be imbedded in the ditch bank. Swing gates should be 
provided on the end o f the r ig id  outlet pipe i f  needed to exclude 
small animals. I f  no surface water can enter the t i l e ,  then pins 
driven through the pipe can be used instead o f the swinging gate.
2. When surface water must enter the ditch at the location o f the 
t i l e  outlet, some approved type o f structure should be used to 
safely lower the surface water to the ditch and outlet the t i l e  
water.
Revised Feb. 4, 1955
Table 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa S o ils !
Soil name and mapping number
Permeability
class
Drainage
method
T ile  spacing for different depths 
3 ' depth 3 1/2 ' depth 4 ' depth Remarks
5 Colo silty clay  loam  (Monona Co. ) Moderate Surface; subsurface 70-80 80-90 90-100
6 Glencoe silt loam Moderately slow to 
slow
Surface; subsurface 50 60 70
8 Judson silt loam Moderate Subsurface; 70-80 
interceptor
80-90 90-100
9 Minden silt loam Moderate Subsurface 80-90 90-100
11 Judson-Wabash-Colo complex 
15 McPaul (Homick) silt loam
Slow to moderate Subsurface; 60-70 
interceptor
70-80
Moderate to slow Surface; subsurface 60-80 80-100
(Monona Co. )
16 Zook silt loam  (Polk Co. ) Slow to moderately 
slow
Surface; subsurface 50-70
21 Shallow m uck (8-18 inches deep) Moderate Surface; subsurface 80 90 100
29 Clarion-N icollet complex Moderate Subsurface 80-90 90-100
31 Afton Silty clay  loam Moderately slow to 
slow
Surface; subsurface 60-80 70-90 80-100
36 Salix  silty clay  loam Moderate Subsurface 80-90 90-100
43 Brem er-like silty clay  loam Moderately slow to 
slow
Surface; subsurface 60-80 70-90 80-100
44 Blencoe silty clay Slow to moderate Surface; subsurface 60-80 70-90
45 Zook silty clay  (Monona C o .) Slow to very slow Surface; subsurface 50-70
48 Orson silty clay Very slow to slow Surface
55 N icollet loam Moderate Subsurface 80-90 90-100
66 Luton clay Very slow Surface
67 Luton silty clay Very slow to slow Surface
68 Napa clay Very slow Surface
69 C learfield  silty clay loam Moderately slow to 
slow
Interceptor 60-70 70-80
70 Dorchester-McPaul Moderate to slow Surface; subsurface 60-80 80-100
75 (0-2%) Givin silt loam Moderately slow to 
slow
Subsurface 60 70 80
80 (0-2%) Berwick-Keomah Slow to very slow Surface; subsurface 60 75-80 80-90
84 Clyde silty clay  loam Moderate to Surface; subsurface; 60-80 70-90 80-100
87 Colo group
moderately slow 
Moderate to
interceptor
Surface; subsurface 70-80 80-90 90-100
moderately slow
Bottomland; may flood.
Depression; m ay need French drain or open intake. 
Outlet m ay not be available.
C olluvial; usually does not need tile ; may have a 
seepage problem.
Upland, level to depressed tile usually not needed 
in SW Iowa.
Narrow bottomland; subject to deposition; variable 
perm eability; may have a seepage problem. 
Bottomland; subject to deposition; variable sub­
soil permeability
Bottomland; tile  m ay not drain all areas satisfac­
torily.
Depressions or seepage areas.
Upland; till; only part of area may need tile.
Narrow bottomlands, upland drainageways or flats.
Missouri bottomland; tile  usually not needed. 
Terrace; variable subsoil perm eability.
Missouri bottomland; some areas may need tile. 
Bottomland; tile  m ay not drain a ll areas 
satisfactorily.
Missouri bottomland bayous. T ile  not recommended 
Upland. Some areas m ay not need tile.
Missouri bottomland. T ile  not recommended.
Drain with surface ditches across predominant slope 
with approximately 1, 000-foot spacing.
Missouri bottomland. T ile  not recommended.
Drain with surface ditches across predominant slope 
with approximately 1, 000-foot spacing.
Missouri bottomland. (Alkali(Sodium)soils) depres­
sions. T ile  not recommended. Drain with surface 
ditches across predominant slope with approximately 
1, 000-foot spacing.
Upland. Occurs often above Lagonda (192) or 
Clarinda (222). Seepage problem.
Bottomland. Subsoil perm eability variable.
Subject to deposition.
Upland. Some areas m ay not need tile.
Upland. T ile  m ay not drain all areas satisfactorily. 
Seepage problems; subsoil may be sandy over till, 
variable permeability. See footnote 2.
Bottomland; perm eability variable; often subject 
to deposition.
fed
1 (See local Soil Conservation Service Technician or
2 If continuous coarse sand layers are present spacing
County Extension Director for further identification of soils) 
m ay be 200-300 feet.
N
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Table 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa Soils (Cont'd)
Soil nam e and mapping number
Perm eability
class
Drainage
method
88 K ato-like group 
90 Okoboji silt loam
Moderate to 
m oderately slow 
Moderate
Subsurface 
Surface; subsurface
91 Primghar silt loam
92 Marcus silty clay  loam
93 Shelby group 
95 Harpster loam
98 Huntsville silt loam  (Polk Co. )
Moderate
Moderate to 
m oderately slow 
Slow
Moderate to 
m oderately slow 
Moderate
Subsurface; 
interceptor 
Surface; subsurface
Interceptor 
Surface; subsurface
Surface; subsurface
98a Dorchester silt loam  (Polk Co. ) 
103 Gravity silty clay  loam  
105 Chariton silt loam
Moderate to 
moderately slow 
Moderate to 
moderately slow 
Slow to very slow
Surface; subsurface
Subsurface; 
interceptor 
Surface; subsurface
106 Skyberg, shallow to gumbotil Very slow Surface
107 Webster silty clay  loam  
107*Webster, heavy subsoil variant
Moderate to 
m oderately slow 
Slow to
m oderately slow
Surface; subsurface 
Surface; subsurface
118 Garwin silty clay  loam
119 Muscatine silt loam
120 (0-3%) T am a group
122 Sperry silt loam
Moderate to 
m oderately slow 
Moderate 
Moderate to 
m oderately slow 
Slow to very slow
Surface; subsurface
Subsurface 
Surface; subsurface
Surface
129 Chaseburg-Nodaway 
131 (0-2%) Belinda-Pershing
Moderate to 
m oderately slow 
Very slow to slow
Subsurface;
interceptor
Surface
132 (0-2%) Marion-Weller Very slow to slow Surface
133 Colo silty clay  loam  (Polk Co. )
134 Zook silty clay (Polk Co. )
Moderate to 
m oderately slow 
Slow to very slow
Surface; subsurface 
Surface
135 Colo loam  (Polk Co. ) Moderate Surface; subsurface
T ile  spacing for different depths 
3 ' depth 3 1 /2 ' depth 4 ' depth Remarks
70-85 75-90 85-100 Terrace or colluvial.
70-80 80-90 90-100 Depression. French drain or open intake m ay be 
needed. Outlet may not be available.
80-90 90-100 Upland. Many areas m ay not need tile.
60-80 80-90 90-100 Upland. Loess less than 3 feet thick over till in 
some areas.
Upland. Place tile  at contact of loess and till.
80-90 90-100 High lim e areas associated with Glencoe (6) 
and Webster (107).
60-80
80-90 90-100 Bottomland. Subject to deposition. T ile 
usually not needed.
80-90 90-100 Bottomland. Need for tile variable. 
Subject to deposition.
70-80 80-90 90-100 Colluvial. Subject to some deposition.
Seepage may be a problem.
Terrace; depression. T ile  m ay not drain some 
areas satisfactorily. French drain and open 
intake often needed.
Upland. Some seepage. (Kansan gumbotil 15-20 
inches). T ile  not recommended.
80-90 90-100 Upland. ,
50-70 70-90 Upland. This variant of Webster less permeable
subsoil than 107. T ile  may not drain all areas 
satisfactorily.
60-80 80-90 90-100 Upland. A few areas along upland drains may
need interceptor tile.
80-90 90-100 Upland. A few areas m ay need tile.
80-90 90-100 Upland. The flat and concave areas will
usually need tile.
50-70 Upland, depression. French drain or open intake
m ay be needed. T ile  may not drain all areas 
satisfactorily.
60-80 70-90 80-100 Bottomland; subject to deposition. Subsoil
perm eability variable.
Upland. T ile  not recommended. Drain with 
surface ditches across predominant slope with 
approximately 400-foot spacing.
Upland. T ile  not recommended. Drain with 
surface ditches across predominant slope with _
70-80 80-90 90-100 Bottomland. May flood.
50-70
70-80 80-90
Bottomland. T ile  may not drain all areas 
satisfactorily.
90-100 Bottomland.
No. 
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Table 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa Soils (Cont'd)
Perm eability Drainage T ile  spacing for different depths 
3 ' depth 3 1 /2 ' depth 4 ' depthSoil nam e and mapping num ber class method Remarks
142 Chaseburg silt loam Moderate to Subsurface 70-80 80-90 90-100 C olluvial; usually does not need tile ; seepage
m oderately slow m ay be a problem.
144 Onawa silty clay  loam Moderate Surface; subsurface 60-80 80-100 Missouri bottomland. Some areas flood. 
Usually does not need tile.
146 Onawa silty clay Slow to
m oderately slow
Surface; subsurface 60 70 Missouri bottomland. Some areas flood.
148 Schapeville silt loam  
151 Clyde-Marshan group
Very slow Interceptor 60-80 Upland. Seepage in some areas; m ay need 
interceptor tile.
Moderate Surf a c e ; subsurface 80-90 90-100 Terrace, outwash. Sand at 2-3 feet; may 
need special precautions. See footnote 2.
152 Clyde-Marshan group Moderate to Surface; subsurface 60-80 80-90 90-100 Terrace, outwash. Sand m ay be present
m oderately slow at 3-4 feet. See footnote 2.
156 Albaton clay 
160 Waiford silt loam
Very slow to slow Surface Missouri bottomland. Some areas flood. 
T ile  not recommended. Drain with surface 
ditches across predominant slope with 
approximately 1, 000-foot spacing.
Slow to Surface; subsurface 60-70 70-80 80-90 Upland. T ile  may not drain a ll areas
m oderately slow satisfactorily.
161 Atterberry silt loam Moderately slow to 
moderate
Subsurface 60-70 70-80 80-90 Upland. Some areas m ay need tile.
162 (0-2% ) Downs group Slow to Surface; subsurface 60-70 70-80 80-90 Upland. T ile  usually needed on fla t  and
m oderately slow concave areas.
163 (0-2%) Fayette group Slow to Surface 60-70 70-80 80-90 Upland. T ile  may not drain a ll areas
m oderately slow satisfactorily.
164 Traer silt loam Slow to m oderately Surface 60-70 70-80 80-90 Upland. T ile  m ay not drain a ll areas
165 Stronghurst silt loam
slow
Moderately slow to 
slow
Subsurface 60-70 70-80 80-90
satisfactorily.
Upland. T ile  usually not needed.
166 Blockton silt loam Very slow Surface Terrace. T ile  not recommended. Drain with
167 Ames loam
surface ditches across predominant slope with 
approximately 1, 000-foot spacing.
Slow to very slow Surface 50-70 Upland. Depression. T ile  m ay not drain a ll 
areas satisfactorily.
172 Wabash clay  grotp Very slow Surface Bottomland. Some areas flood. T ile  not 
recommended. Drain with surface ditches
184 Muscatine, till variant
across predominant slope with approximately 
1, 000-foot spacing.
Moderate to 
m oderately slow
Surface; subsurface 70-80 80-90 90-100 Upland. Some areas m ay have seepage.
186 Floyd, thin surface variant Moderate to 
m oderately slow
Surface; subsurface 60-70 70-80 80-90 Upland. Mapped principally in Floyd County.
187 Calhoun, colluvial variant Moderately slow Subsurface 60-80 80-100 C olluvial; in Lindley areas. T ile  often not 
needed.
189 Nodaway silt loam  (Polk C o .) Moderate to Surface; subsurface 60-80 70-90 80-100 Bottomland. Subject to deposition. Variable
m oderately slow need for tile.
191 O'Brien silty clay  loam Moderate to Surface; subsurface 60-80 70-90 80-100 Upland. Marcus variant. T ill at 25-40 inches
m oderately slow
2. If continuous coarse sand layers are present, spacing may be 200-300 feet.
i00
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Soil name and mapping number
able 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa Soils (Cont'd)
Perm eability Drainage T ile  spacing for different depths
c la s s______________method________________ 3' depth 3 1/2« depth 4» depth Remarks
192 Lagonda loam  
198 Floyd silt loam
Very slow 
Moderate to
Interceptor
Subsurface; 60-80 80-100
201 Colo-Terrill (Polk C o .)
m oderately slow 
Moderate
interceptor 
Surface; subsurface 70-80 80-90202 Gilbert loam  (Polk Co. ) Moderate Subsurface 80-90 90-100
203 Kato silt loam  (Polk Co. ) Moderate Subsurface 80-90 90-100
211 Edina-Belinda group
212 Kennebec silt loam
Very slow to slow 
Moderate
Surface
Surface; subsurface 80-90 90-100
219 Jackson silt loam Moderately slow to Surface ; subsurface 60-80 70-90 80-100
220 Nodaway-Sharon
slow
Moderate to Surface; subsurface 60-80 70-90 80-100
221 Muck (more than 18 inches deep)
m oderately slow 
Moderate Surface; subsurface 80-100 100-120222 Clarinda loam  
225 Gilbert-like group
Very slow 
Moderate
Interceptor 
Surface; subsurface 80-90 90-100
226 K ato-like group Moderate Surface; subsurface 80-90 90-100
244 Blencoe, silty clay  subsoil Slow to very slow Surface 50-70
(Monona Co. )
246 Curran silt loam Slow to very slow Surface; subsurface 60-70 70-80 80-90
249 Zwingle silt loam
250 Sawm ill silty clay  loam  (Polk Co. 
254 Colo, silt loam  subsoil
Very slow
) Slow to moderate 
Moderate to
Surface
Surface
Surface and subsoil 70-80 80-90 90-100(Monona Co. )
255 Cooper silty clay  loam
m oderately slow 
Slow to Surface 50-70 60-80 70-90(Monona Co. )
256 Chula silt loam  (Polk C o .)
m oderately slow 
Slow Surface; subsurface 60-70 70-80
258 Marshan, 20-36 inches to sand Moderate Surface; subsurface 80-90 90-100(Polk Co. )
¿59 Marshan, more than 36 inches Moderate to Surface; subsurface 80-90 90-100to sand (Polk Co. ) 
263 Calhoun silt loam
m oderately slow 
Very slow Surface
Upland. T ile  p laced at contact of loess-till. 
Upland.
Bottomland. Subject to deposition.
Terrace, outwash. Som e areas m ay need tile. 
Sand present at 24-30 inches. See footnote 2. 
Terrace, outwash. Some areas m ay need tile. 
Sand may be present at 3 feet, see footnote 2. 
Upland. T ile  not recommended. Drain with 
surface ditches across predominant slope with 
approximately 400-foot spacing.
Bottomland. Subject to deposition. Some 
areas may need tile.
Terrace. Some areas m ay need tile.
Bottomland. Subject to deposition. T ile  need 
and perm eability variable.
Depressions and seepage areas.
Upland. Place tile  at contact of loess and till. 
Terrace, outwash. T ile  m ay be needed in 
some areas. Sand present at 24-30 inches.
See footnote 2.
Terrace, outwash. T ile  m ay be needed in 
some areas. May be sand below 36 inches.
See footnote 2.
Missouri bottomland. T ile  m ay not drain all 
areas satisfactorily.
Terraces. T ile  m ay not drain all areas 
satisfactorily.
Terrace. T ile  not recommended. Drain with 
surface ditches across predominant slope with 
approximately 1, 000-foot spacing.
Bottomland. Floods very frequently. 
Bottomland.
Bottomland. Som e areas m ay need drainage, 
but tile  m ay not work satisfactorily.
Colluvial. Some areas m ay need drainage, 
but tile  may not work satisfactorily.
Terrace, outwash. Sand m ay require special 
precaution. See footnote 2.
Terrace, outwash. Sand m ay require precau­
tion. See footnote 2.
Terrace. T ile  not recommended.
2. If continuous coarse sand layers are present, spacing m ay be 200-300 feet.
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Table 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa Soils (Cont'd)
Soil name and mapping number
Perm eability
class
Drainage
method
T ile  spacing for different depths 
3 ' depth 3 1/2* depth 4 ' depth
269 Humeston silt loam Moderately slow to 
very slow
Surface 60-80 70-90 80-100
270 Colo group, sand at 3-4 feet Moderate Surface; subsurface 80-90 90-100
274 Rolfe loam
301 Coggon, level variant
Slow to very slow 
Slow to very slow
Surface; subsurface 
Surface; subsurface
60
50-70
70
305 Chariton, thick A2  variant Slow Surface; subsurface 60 70
325 Le Seuer loam  (Polk Co. ) Moderate to 
m oderately slow
Subsurface 70-80 80-90
329 Nicollet-W ebster com plex Moderate to 
m oderately slow
Surface; subsurface 80-90 90-100
354 Marsh lands Very slow-moderate Surface; subsurface 50-70 60-80 80-100
364 (0-2%) Haig-Grundy group Slow-very slow Surface; subsurface 60 66
382 Garwin, till variant Moderate to 
m oderately slow
Subsurface 80 90 100
273 Olmitoz loam Moderate to 
m oderately slow
Subsurface;
interceptor
70-80 80-90 90-100
280 (0-2% ) Taintor-M ahaska Moderately slow 
to slow
Surface; subsurface 80-90 90-100
282 Primghar, till variant
321 Peat (more than 48 inches deep)
Moderate
Moderate
Subsurface 
Surface; subsurface
80-90 90-100
150-200:370 (0-2%) Winterset-Sharpsburg Moderately slow to 
slow
Surface; subsurface 70-80 80-90 90-100
391 Clyde-Floyd Com plex Moderate to 
m oderately slow
Surface; subsurface; 
interceptor
70-80 80-90 90-100
421 Peat (less than 48 inches deep) 
443 Floyd variant, 20-36 inches to
Moderate
Very slow-moderate
Surface; subsurface 
Surface
80 100 120
bedrock
471 Racine, nearly level variant Moderately slow to 
slow
Subsurface 70-80 80-90
521 Peat (less than 48 inches to Moderate Surface: subsurface 100 150Ë
sand or gravel)
725 Gilbert-like transition variant Moderate to 
m oderately slow
Subsurface 70-90 80-100
726 Kato-like, transition variant Moderate to 
m oderately slow
Subsurface 70-90 80-100
2. If continuous coarse sand layers are present, spacing m ay be 200-300 feet.
a at 5 feet space tile at 200-250 feet; at 5 1/2 feet space tile  at 250-300 feet, 
b at 4 1/2 feet space tile  at 200 feet.
Remarks
Bottomland. T ile  m ay not drain all areas 
satisfactorily. Subject to deposition. Subsoil 
perm eability variable.
Bottomland. Sand may require special 
precaution. See footnote 2.
Depression. May need French drain and open 
intake.
Upland. T ile  m ay not drain a ll areas 
satisfactorily.
Terrace, high bottomland. Subject to some 
deposition. T ile  need varies (See 105). 
Upland. Some areas m ay not need tile.
Upland. (See 55 and 107).
Depressions. Perm eability variable. Outlet 
sometimes difficult to get.
Upland. T ile  m ay not drain a ll areas 
satisfactorily.
Upland. Some areas m ay need tile.
Colluvial. Subject to some deposition.
T ile  need variable.
Upland.
Upland. Some areas may need tile.
Upland.
Upland and colluvial. Seepage is a common 
problem.
Depressions or seepage areas.
Upland. T iling satisfactory if bedrock deeper 
than 24 inches.
Upland.
Depressions. If outlet permits, place tile  in 
contact with sand. See footnote 2.
Terrace, outwash. T ile  need variable. Sand 
present at 24-30 inches. See footnote 2. 
Terrace, outwash. T ile  need variable. Sand 
m ay be present below 36 inches. See footnote 
2.
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Table 2. Suggestions for T ile  Depth and Spacing, and Surface Drainage for Iowa Soils (Cont'd)
Permeability Drainage T ile  spacing for different depths 
3 ' depth 3 1/2' depth 4 ' depthSoil name and mapping number class method Remarks
760 Walford, till variant Slow to Surface; subsurface 60-70 70-80 80-90 Upland. T ile  m ay not drain a ll areas
moderately slow satisfactorily.
761 Atterberry, till variant Moderately slow to Subsurface 70-80 80-90 90-100 Upland. T ile  m ay not be needed in some areas.
slow
780 Kasson, thick A2  variant Slow to m oderately Subsurface; 60-70 70-80 80-90 Upland- outwash. Seepage common.
slow interceptor
782 Skyberg, deep gumbotil variant Slow to  very slow Surface; 50-60 Upland- outwash. (Kansan gumbotil at 24-40
interceptor inches)
783 Cresco loam Slow to very slow Surface;
interceptor
50-60 Upland. T ile  questionable. Som e seepage.
784 Kasson-like, nearly level variant Slow to very slow Surface;
interceptor
50-60 Upland. T ile  questionable. Some seepage.
797 Clyde, firm till  variant Slow to very slow Surface;
interceptor
50-60 Upland. T ile  questionable. Some seepage.
798 Floyd, firm till variant slow to very slow Surface;
interceptor
50-60 Upland. Some seepage.
998 Floyd-Clyde com plex, firm till Slow to very slow Surface; 50-60 Upland. T ile  questionable. Some seepage.
variant interceptor
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Soil Designation
T able 2A
Alphabetical List of Soils with Mapping Numbers
Number Soil Designation Number
Afton silty clay  loam 31 Jackson loam 219
Albaton clay 156 Judson silt loam 8
Ames loam 167 Judson-W abash-Colo com plex 11
Atterberry silt loam 161 Kasson-like, nearly level variant 784
Atterberry, till variant 761 Kato group 88
Belinda-Pershing (0-2%) 131 Kato silt loam 203
Berwick-Keomah (0-2%) 80 K ato-like group 226
Blencoe silty clay 44 Kato-like, transition variant 726
Blenco, silty clay  subsoil phase 244 Kennebac silt loam 212
Blockton silt loam 166 Lagonda loam 192
Brem er-like silty clay  loam  
Burch ard loam  
Calhoun silt loam  
Calhoun, colluvial variant 
Chariton silt loam
43
24
263
187
105
Le Seuer loam  
Luton clay 
Luton silty clay 
Marcus silty clay  loam  
Marion-W eller (0-2%)
325
66
67
92
132
Chariton silt loam , thick A 2  variant 
Chaseburg-Nodaway com plex 
Chaseburg silt loam  
Chula silt loam  
Clarinda loam
305
129
142
256
222
Marsh lands
Marshan (20 to 36 inches to sand) 
Marshan (more than 36 inches to sand) 
Minden silt loam  (0-1%)
Muck (8 to 18 inches deep)
354
258
259 
9
21
C larion-N icollet com plex 29 Muck (more than 18 inches deep) 221
C learfield  silty clay  loam 69 Muscatine silt loam 192
Clyde silty clay  loam 84 Muscatine, till variant 184
Clyde-Marshan group (shallow) 151 Napa clay 68
Clyde-Marshan group 152 N icollet loam 55
Clyde-Floyd com plex 391 Nicollet-W ebster com plex 329
Clyde, firm till  variant 797 Nodaway- Sharon group 220
Coggon, level variant 301 Nodaway silt loam 189
Colo silty clay  loam 133 and 5 O'Brien silty clay  loam 191
C olo-like group 87 Okoboji silt loam 90
C olo-like group (sandy substrata) 270 Olmitoz loam 273
Colo loam 135 Onawa silty clay 146
Colo, silt loam  subsoil phase 254 Onawa silty clay  loam 144
Colo-Terrill com plex 201 Orson silty clay 48
Cooper silty clay  loam 255 Peat (more than 48 inches deep) 321
Cresco loam 783 Peat (less than 48 inches deep) 421
Cresco, thick A_ variant 
Curran silt lo an r
780 Peat (less than 48 inches to sand) 521
246 Primghar silt loam 91
Dorchester silt loam 98a Primghar, till variant 282
Dorch ester-McP aul 70 Racine, nearly level variant 471
Downs group (0-2%) 162 Rolfe loam 274
Edina-Belinda group 211 Salix  silty clay  loam 36
Fayette group (0-2%) 163 Saw m ill silty clay  loam 250
Floyd silt loam 198 Schapeville silt loam 148
Floyd, firm till variant 798 Shelby loam 93
Floyd, thin surface variant 186 Skyberg, deep gumbotil variant 782
Floyd variant (20 to36 inches to bedrock) 443 Skyberg, shallow to gumbotil 106
Floyd-Clyde com plex, firm till variant 998 Sperry silt loam 122
Garwin silty clay  loam 118 Stronghurst silt loam 165
Garwin, till variant 382 Taintor-M ahaska (0-2%) 280
Gilbert loam 202 T am a group (0-3%) 120
G ilbert-like group 225 Traer silt loam 164
Gilbert-like, transition variant 725 Wabash clay  group 172
Givin silt loam  (0.2% ) 75 Walford silt loam 160
Glencoe silt loam 6 Walford, till variant 760
Gravity silty clay  loam 103 Webster silty clay  loam 107
Haig-Grundy group (0-2%) 364 Webster, heavy subsoil variant 107*
Haipster loam 95 Winterset-Sharpsburg (0-2%) 370
Humeston silt loam 269 Zook silt loam 16
Huntsville silt loam 98 Zook silty clay 45 and 134
Zwingle silt loam 249
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F. Alignment -- The change in horizontal direction may he made by one o f the 
following methods:
1. A gradual curve o f the t i l e  trench on a radius that the trenching 
machine can dig and s t i l l  maintain grade.
2. A gradual curve made by shaping the inner side o f the curve and chipping 
the t i l e ;  however, in no case should the radius o f curvature be less 
than 5 fee t.
3. The use o f manufactured bends or f itt in g s  so that the change in 
direction is a smooth curve.
 ^. The use o f junction boxes and manholes.
G. Junction Boxes
Junction boxes should be used where more than two t i l e  mains jo in  or where 
two or more latera ls or mains jo in  at d ifferen t elevations. Where possible, 
junction boxes should be located in permanent fence lines, or in non- 
cultivated areas . The cover should be above ground to provide easy access 
for inspection. I f  the junction point is in a cultivated f ie ld ,  the box 
may be constructed so that the top is at least 18 inches below the surface 
o f the ground. I t  can then be capped, covered with s o il,  and its  location 
'referenced in" so that i t  c-m be readily located..
H. R e lie f Wells
R e lie f wells serve to re lieve  pressure in the line that might otherwise 
cause the t i l e  line to blow out, A r e l i e f  w ell can be constructed by 
placing a T connection in the line and cementing sewer pipe v e r t ic a lly  into 
the T. The pipe should extend about 1 foot above the ground unless provi­
sions have been made in the design for i t  to serve also as a surface in le t. 
The exposed end o f the pipe should be covered with heavy wire mesh or some 
type o f grating. The size o f the r iser t i l e  should be. equal to the 
diameter o f the t i l e  line or one or two sizes smaller, depending upon the 
amount o f overload. R e lie f wells should be located as fo llow s:
1. At points where the t i le  lin e might become overloaded for a short 
period o f time such as at the end o f a steep section.
2. On lines that have surface in lets and particu larly below large 
surface in le ts .
3. They can sometimes be used to advantage in improving existing mains 
that are temporarily overloaded, causing blowouts. However, the 
insta lla tion  o f a r e l ie f  lin e paralleling the existing main should 
be the f ir s t  consideration.
I . Surface In lets
Surface in lets always add another hazard to the maintenance of a t i l e  system. 
They should be used with caution and carefu lly constructed. Where surface 
intakes are used, t i l e  should be replaced with a section o f sewer pipe on 
each side o f r is e r . Joints should be sealed with mortar. Some other 
r ig id  type o f pipe can be used in place o f sewer t i l e  i f  preferred.
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J . Trees
Where possible a l l  water-loving trees, such as willow, elm, so ft maple and 
cottonwood, should be removed for a distance o f approximately 100 feet on 
each side o f the t i l e  lin e . A clearance o f about 50 fee t should be main­
tained from other species o f trees, shrubs or vines. I f  the trees cannot 
be removed or the line rerouted, a closed t i l e  lin e should be constructed 
with sealed jo in ts . This type o f construction should extend throughout 
the root-zone area o f the tree or trees.
K. Plan
A plan should be prepared for each t i l e  insta lla tion  by the designer for 
the use o f the contractor during construction and for the owner as a , 
record o f the insta lla tion . I t  is desirable that a fin a l location map 
record be f i le d  with the abstract or deed. The plan should, include a 
map o f the insta lla tion  showing accurate location and size o f a l l  t i le  
lines and appurtenances installed .
SECTION 3. C0NSTEUCTI0N
A. Junctions
A ll t i l e  junctions should be made with standard T 's  or Y’ s . I f  manu­
factured T ’ s and Y?s are not available, junctions should be carefu lly 
made and sealed with mortar. T ile  junctions should be made with the 
la tera l placed no lower than center to center connections,
B. Joints
T ile  should be spaced so that the minimum opening between t i l e  is about 
1/8 inch and the maximum opening is not over 1/4 inch in mineral so ils .
In  peat and muck so ils , the opening between t i l e  may be increased to 
about 3/8  inch. When t i l e  are la id  in water sand, or fine sand, the 
snuggest f i t  possible should be obtained and the top two-thirds o f the 
jo in ts covered with coal tar impregnated paper to prevent the fine 
material from entering the drain. Cradling may be necessary to preserve 
grade and alignment o f the t i l e  in peat, muck and sand.
C. Blinding
A ll  t i l e  w i l l  be carefu lly blinded with topsoil at the end o f each day's 
run with a depth o f 6 inches or more above top o f t i l e .
D. Trench Width
The minimum trench width measured at the top o f the t i l e  should not 
be less than the outside diameter o f the plus 0.5 fee t.
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OPEN DITCH DRAINAGE 
•SECTION 1 . GENERAL CONDITIONS .
A. Before an open ditch is constructed, the following conditions should he
considered:
1. The soils to be drained should be capable o f providing good permanent 
cropland or pasture a fter drainage.
2. The ditch should have an adequate outlet.
3. The drainage system should be located and planned to provide the 
degree o f drainage required by the crops to be grown.
4. A maintenance program should be provided prior to the insta lla tion  o f 
the outlet ditch.
B, There are two major types o f open ditch drainage. They are:
1. Outlet ditch for removal o f collected water.
2. F ield  ditch for water collection .
SECTION 2. DESIGN AND LAYOUT
A. Outlet ditch for removal o f co llected water.
1. Ditch capacity
a. Determine drainage runoff by selecting from figure 2 the county 
key le tte r  which is the runoff curve to be used in figure 3 or 4 
to determine to ta l design discharge. The key le t te r  for each 
county is applicable to areas with average watershed slopes o f 
less than 25 feet per mile. For lands with steeper slopes and 
ordinary va lley drainage, the next higher runoff curve should 
be used. For example, in Humboldt County, lis ted  as a D curve 
county, where the average slope from the high point in the 
watershed to the banks o f the outlet ditch is greater than 25 
fee t per mile, the C curve should be used.
2. Culvert Capacity for Open Ditches
a. Public road culverts and bridges should be o f su ffic ien t size to 
pass a 25-year frequency runoff obtained from f ig .  5 , without 
excessive damage to the structure, highway, and f ie ld  crops. 
Outlet ve lo c ities  should not exceed twice the allowable ve loc ity  
as given in table 4. They also should have the capacity to 
carry drainage flow with head water and ta i l  water below the 
ditch banks.
b. Farm road crossings should be designed to handle drainage flow 
without overtopping ditch banks. Provision should be made to 
bypass flood flows without excess damage to f ie ld  crops or the 
ditch.
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3. Depth Ditch
a. The ditch should be o f adequate depth to drain the low areas in 
the watershed. I f  t i l e  are to be used, the ditch should be o f 
su ffic ien t depth to provide a minimum o f 1 foot between the t i l e  
flow line and the normal water flow in the ditch.
4. Bottom Width
a. The minimum bottom width o f ditches constructed with a dragline 
should be ¿f- fe e t .
5. Side Slopes o f Ditch 
a . Deep open ditch.
Minimum recommended side slopes for the type o f so il encountered 
are shown in table 3 •
Table 3* Minimum Recommended Side Slopes
Soil Side Slopes
Peat, muck and sand 1 : 1
Heavy-
Loam
clay so il j i  : 
2 :
1*
1
*Side slopes o f 2:1 w il l  provide a more stable ditch and 
generally should be recommended; 3^:1 or f la t te r  should be used 
where maintenance o f vegetation by mowing is practiced.
6. Grade o f Ditch Bottom
a,. Grades should be designed so that the maximum safe ve lo c it ie s , 
governed by the type o f so il encountered, w il l  not be exceeded.
Table 4. Safe V eloc ities  for Various Soils
Soil Maximum ve loc ity  in fp s .
Sandy and sandy loam (non-colloidal) 2.5
S i l t  loam 3.0
Sandy clay loam 3-5
Clay loam 4 . 0
Heavy clay, fine gravel and graded, 
loam to cobbles 5.0
Graded, s i l t  to cobbles (co llo id a l) 5.5
Shale, hardpan and coarse gravel 6.0
b. Consider the use o f drop spillways to reduce grade where 
maximum ve loc ities  would be exceeded.
F ig .  2. R e c o m m e n d e d  D e s ig n  R u n off C u rv e  by C o u n tie s
i LYO N
J  D
OSCEOLA
D
DICK 1 NOON
D
E M M E T
D
' “ i  S I O U X O 'B R IE N C L A Y PALO ALTO
r D D D D
/ P L Y M O U T H CHEROKEE bUEMA VISTA POCAHONTAS
D D D D
( VOOOBURY L IDA S A C CALHOUN
d D D 0 c
CRAWFORD
c
KOSSUTH
D
D
WEBSTER
POTTAW ATTAM IE
3
WINNESAOO
D
SRECNE
S H E L B Y AUDUBON «UTHRIE
c c 0
HAMILTON
C
M IT C H E L L
c
HOV/AR O 
0
f L O Y O
C
CHICKASAW
c
BOONE MARSHAL!.
0
T A M A
c
BENTON
c
POWESHIEK
C
IOWA
c
CLAYTO N I
U N N •tones
JOHNSON
MUSCATINE
0
\ MILLS
( c
montgomery
c
ADAMS
c
union
C
CLARKE
c
LUCAS
c
MONROE
c
WAPELLO
c
•icrrcRsoN
c
f rREMONT
' C
PAftC
c
TAYLOR
c
RINMOLD
c
DECATUR
c
WAYNE
c
APPANOOSE
c
DAVIS
c
VAN SUREN
c
Note: For valley drainage or if the average watershed slope exceeds
25 feet per mile use the MB M curve instead of the MCM curve, or the1 
"C1 curve Instead of the WD M curve.
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F ig .  3. D r a in a g e  R u n off C u r v e s  F o r  O pen D itch  D e s ig n  
in  F l a t  W a te r sh e d  A r e a s  o f L e s s  T h an  2 S q u a re  M ile s
section of ditch for which capacity is to be computed.
For lands with steeper slopes than given above and ordinary valley drainage use next higher run-off curve to give equal protection.
Explanation of Curves-f 8 - For excellent droinage except in Claypon soils in Southern part of Region 3. Very good drainage on these soils.
C _ por excellent drainoge in northern Minnesota,Wisconsin, Michigan. For very good agricultural drainage in Ohio, Indiono, Illinois, 
Iowa northern Missouri, southern Minnesota,Wisconsin and Michigan. For good agricultural drainage in southern Missouri. 
D -F o rgo o d  agricultural drainage in northern Minnesota,Wisconsin ond Michigan. For fair agricultural drainoge in Ohio,Indiana, 
Illinois, Iowa, northern Missouri, southern Minnesota,Wisconsin and Michigan.
M — For fair agricultural drainage in Red River Valley,Minnesota.
Reference "Drainage Specifications S~l"
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F ig .  4. Iow a D ra in a g e  C u r v e s  fo r  O pen D itch  D e s ig n s  in F la t  W a te r sh e d  A r e a s
±ë
WATERSHED AREA TO BE DETERMINED ABOVE EACH SECTION OF A DITCH FOR WHICH CAPACITY IS  TO BE COMPUTEO. 
APPLICABLE ONLY TO FLAT WATERSHED AREAS HAVING AVERAGE SLOPE L E S S  THAN 2 5  FEET PER M ILE.
m
6 0  i
2 Vo
-•fc
«fc.
%
7 8  S  IO 15 20  2 5  SO
WATERSHED AREA IN SQUARE MLLES
50  6 0  70  SO 90  100
EXPLANATION OF CURVES
A - F o r  good  p ro te c t io n  fr o m  o v e rflo w  (not m a x im u m  floo d  ru n off)  
B - F o r  e x c e lle n t  d r a in a g e  e x c e p t  in  C la y p a n  s o i l s  
C - F o r  v e r y  good  a g r ic u l t u r a l  d r a in a g e  in  Iow a 
D - F o r  f a i r  a g r ic u l t u r a l  d ra in a g e  in  Iow a
Reference “ Hydraulics of Open Ditches” by John G. Sutton S.C.S. USDA Soil Conservation Service
_____________  Drwg.IMo.3-L-26525
“T5**
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7. Roughness coe ffic ien t values o f MnM from Manning’ s formula shall he
varied as the hydraulic radius and shall he in accordance -with table 5.
Table 5
Hydraulic Radius N
Less than 2 .5 0.040 - 0.045
2.5 - 4 .0 O.O35 - 0.040
4.0 - 5.0 0.030 - 0.035
Over 5.0 0.025 - 0.030
8. Surface Water In lets
Provision should he made for lowering surface water from the adjoining 
fie ld s  to the ditch bottom. Pipes through the spoil hank, pipe drop 
in le ts , chutes or drop spillways should he used for this purpose.
Where su ffic ien t storage is  available to store the runoff, these 
installations should provide fo r  the removal o f water in accordance 
with the design runoff based on area and proper runoff curve as obtained 
from f ig .  3 or 4. Where there is not su ffic ien t storage, structure 
should be designed to handle peak flows,
9. Deep Open Drains.
General rules for locating open ditches subject to local conditions 
are :
a. Follow the general direction o f natural drainage«to avoid 
excessive cuts.
b. Use the available grade to the best advantage and, insofar as 
possible, keep grades uniform.
c. Provide straight channels with gradual curves.
d. Locate the ditches along property lines i f  practical,
B. F ie ld  Ditches for Water Collection or Surface Removal
1. Ditch capacity. The key le tters  for a county should be selected from 
f ig .  2. Tables 7* 8 or 9 should then be used for determining size o f 
ditch.
2. Depth o f ditch
(a) Where surface drainage is used alone to provide drainage, the 
minimum depth should be 0.75 fee t.
, (b) Where surface drainage is used to supplement t i l e ,  the minimum 
depth in the bottom o f the pothole can be reduced to zero.
3 . Side Slopes
Where farm machinery is to cross a surface ditch, the minimum side 
slopes should be 8 to 1.
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SECTION 3. CONSTEUCTION 
A. Spoil Bank Leveling 
1. Deep open drains.
Spoil banks should be smoothed and sloped away from the ditch so that 
spoil blends into the adjacent f ie ld . Slopes shall be f la t  enough 
to permit f ie ld  operations on the smoothed spoil to the ditch edge. 
Where spoil is used for a levee, a 3^:1 side slope or f la t te r  on the 
land is recommended to permit levee maintenance by moving.
. 2. Surface drains.
a. Spoil should be leveled or spread so that i t  does not prevent
water from entering the ditch, or the spoil can be placed between 
two ditches to form a W ditch.
The following minimum radius o f curves is recommended for ditches without bank 
protection:
Table 6. Minimum Radius o f Curvature Without Bank Protection
Kind o f ditches
Fa ll per 
mile
Minimum
radius
o f
curvature
Approxi­
mate 
degree 
o f curve
Small ditches - Maxi- under 3 feet 300 19°
mum top width 15 feet 3 to 6 feet 400 14°
Medium sized ditch under 3 fee t 500 l i o
ton width 15 to 35 feet 3 to 6 feet 600 10O
Large ditches (over 35 feet under 3 feet 600 10°
top width) 3 to 6 feet 800 __________z 2 _ .
Pe
ak
 r
at
e 
of
 r
un
of
f, 
q 
in 
cf
s.
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F ig .  5. P e a k  R a te s  o f R u n off  
✓
10000 x'" 100000
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T a b le  7. D itch  D e s ig n  C u rv e  " B "
ACRES HANDLED BY DRAINAGE DITCH WITH 2 to I BANK SLOPES
DITCH SIZE. SLOPE OF DITCH BOTTOM IN FEET FALL PER IOO'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0 .02 0 0 4 0 .06 0.08 0.1 0.15 0 .2 0.25 0.3 0.35 0 .4 0.45 0 .5
4 1.0 8.0 0.22 15 21 26 30 33 40 47 52 58 60 66 72 76
4 1.5 10.0 0.39 30 48 54 66 72 89 101 113 125 137 143 155 161
4 2.0 12.0 0.59 60 83 101 11 3 131 161 187 206 230 245
4 2.5 14.0 0.83 89 131 161 187 206 260 300 335
4 3.0 16.0 1. 1 1 137 193 240 280 315 410 510
6 1.0 10.0 0.30 21 30 36 42 46 57 66 72 83 89 95 99 104
6 1.5 12.0 0.50 42 60 77 89 95 11 9 137 155 173 187 200 206
6 2.0 14.0 0.74 77 107 131 155 173 213 245 280 310
6 2.5 16.0 1.02 119 167 206 245 270 335 410
6 3.0 18.0 1.33 167 245 300 365 430 590 790
8 1.0 12.0 0.37 27 38 47 54 60 72 83 95 107 113 1 1 9 1 3 1 T T T
8 1.5 14.0 0.61 54 77 95 11 3 125 155 180 200 225 240 260
8 2.0 16.0 0.89 95 137 167 193 220 270 310 355
8 2.5 18.0 1.20 143 206 260 300 335 460 575
8 3.0 20.0 1.55 206 300 390 480 575 870
10 0.5 12.0 0.20 10 14 17 20 23 27 32 36 38 42 45 48 50
10 1.0 14.0 0.44 33 46 57 66 72 89 107 119 131 137 149 155 1 67
10 1.5 16.0 0.72 66 95 11 9 137 155 187 220 245 270 295
10 2.0 18.0 1.04 1 1 3 16 1 200 230 265 320 400 460
10 2.5 20.0 1.39 173 250 310 375 440 605 805
10 3.0 22.0 1.78 250 375 500 635 805 1150
ACRES HANDLED BY DRAINAGE DITCH WITH 3 to I BANK SLOPES
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet
0.02 0 .04 0 .06 0.08 0.1 0.15 0 .2 0.25 0 .3 0.35 0 .4 0.45 0 .5
4 1.0 10.0 0.26 1.7 24 29 34 38 46 54 60 66 72 75 80 84
4 1.5 13.0 0.47 42 54 66 77 89 107 119 137 149 161 173 187 193
4 2.0 16.0 0.74 72 101 125 143 161 193 230 260 285 310
4 2.5 19.0 1.06 M3 161 200 240 260 3 30 40 0 470
4 3.0 22.0 1.44 173 250 315 380 440 620 840
6 1.0 12.0 0.33 23 32 40 45 50 60 72 83 89 95 101 107 1 1 3
6 1.5 15.0 0.58 48 72 89 101 1 1 3 1 37 155 180 200 21 3 230 245
6 2.0 18.0 0.89 89 125 155 180 200 250 290 330 375
6 2.5 21.0 1. 25 143 200 250 290 330 440 550 685
6 3.0 24.0 1.67 21.3 310 400 490 590 890 11 50
8 1.0 14.0 0.41 29 40 50 58 66 77 89 101 113 119 131 137 143
8 1.5 17.0 0.69 60 89 107 11 9 137 167 200 220 245 265 285
8 2.0 20.0 1.04 107 155 187 220 245 300 365 430 490
8 2.5 23.0 1.44 167 245 300 355 430 575 770 960
8 3.0 26.0 1.89 250 375 500 650 820 1170 1460
10 0.5 13.0 0.21 1 1 15 18 21 23 29 33 37 40 43 46 49 52
10 1.0 16.0 0.48 35 50 60 72 77 95 1 1 3 125 137 149 155 167 173
10 1.5 19.0 0.81 72 101 125 149 161 206 240 270 295 320 345
10 2.0 22.0 1.18 125 180 225 260 290 375 460 550 650
10 2.5 25.0 1.62 200 285 365 450 520 790 1030
10 3.0 28.0 2.-JJL_ 290 460 650 855 1050 1440
GENERAL SUGGESTIONS
USE 2 to I OR 3 to I BANK SLOPES ON DITCHES THAT ARE NOT TO BE CROSSED WITH MACHINERY. USE 4 to I BANK SLOPE 
WHERE THE DITCH WILL BE CROSSED WITH MACHINERY BUT FARMING OPERATIONS WILL BE PARALLEL TO THE DITCH.
USE 8 to I BANK SLOPE WHERE FARMING OPERATIONS WILL BE ACROSS THE DITCH.
HOW TO USE THE TABLES
DETERMINE THE GENERAL SLOPE OF THE GROUND SURFACE ALONG THE ROUTE OF THE PROPOSED DITCH AND THE NUMBER 
OF ACRES THAT WILL DRAIN INTO THE DITCH. SELECT TABLE, BASED ON ABOVE SUGGESTIONS, FOR THE BANK SLOPE 
TO BE USED. FROM THE TABLE SELECT A DITCH BOTTOM SLOPE THAT WILL PROVIDE THE NEEDED DEPTH THROUGHOUT 
THE LENGTH OF THE DITCH FOR THE NUMBER OF ACRES THE DITCH WILL DRAIN.
CONSTRUCT THE DITCH FROM 3“ to 6“ DEEPER THAN THE DEPTH SELECTED FROM THE TABLE IN ORDER TO PROVIDF 
FOR LOSS OF CAPACITY DUE TO TILLAGE OPERATIONS AND EROSION OF THE BANKS.
U. S. DEPARTMENT OF AGRICULTURE  
SOIL CONSERVATION SERV ICE
- 2 k - E. No. 13g
T a b le  7 -A . D itch  D e s ig n  C u rv e
ACRES HANDLED BY DRAINAGE DITCH WITH 4 to I BANK SLOPES
DITCH SIZE. SLOPE OF DITCH BOTTOM IN FEET FALL PER IOO'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet
0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.5 12.0 0.33 24 30 42 48 54 60 72 83 89 95 101 107 113
0 2.0 16.0 0.59 48 72 83 95 107 137 155 173 193 206 225 240 250
0 2.5 20.0 0.93 89 125 155 180 200 250 290 330 375 420
0 3.0 24.0 1.33 143 206 260 300 335 460 575 720
2 1.0 10.0 0.22 13 18 23 26 30 36 42 46 51 55 59 62 66
2 1/5 14.0 0.43 33 47 58 66 72 89 107 1 1 9 131 1 37 149 161 167
2 2.0 18.0 0.74 66 95 11 3 131 149 180 213 240 265 285 300
2 2.5 22.0 1.11 1 1 3 161 200 230 265 320 390 460 535
2 3.0 26.0 1.56 180 260 320 390 460 650 855 1050
4 1.0 12.0 0.30 18 23 32 38 42 50 60 66 72 77 83 89 95
4 1.5 16.0 0.56 42 66 77 89 101 11 9 137 1 55 173 187 200 213 225
4 2.0 20.0 0.89 83 1 1 9 143 167 187 230 270 300 335 380
4 2.5 24.0. 1.30 137 200 245 290 320 430 535 650
4 3.0 28.0 1.78 220 310 400 500 605 905 1 170
6 1.0 14.0 0.37 24 35 43 50 56 66 77 89 95 101 1 1 3 1 1 9 125
6 1.5 18.0 0.67 54 77 95 113 125 155 180 200 220 240 260 270 290
6 2.0 22.0 1 04 101 143 I 73 206 230 285 335 390 450 500
6 2.5 26.0 1.48 167 240 295 345 410 560 735 905
6 3.0 30.0 2.00 250 375 510 665 820 11 90 1480
8 0.5 12.0 0.! 9 9 1 2 15 1 7 20 24 27 30 34 36 38 41 43
8 1.0 16.0 0.44 31 43 53 60 72 83 95 107 11 9 125 137 143 155
8 1.5 20.0 0.78 66 95 1 1 9 131 149 187 220 245 265 290 310 33Ó
8 2.0 24.0 1.19 1 1 9 167 21 3 245 280 345 430 500 590
8 2.5 28.0 1.67 193 280 345 430 510 735 980 1 190
8 3.0 32.0 2.22 290 460 650 855 1065 1440 1780
10 0.5 14.0 0.22 1 1 1 5 18 21 24 29 33 38 41 46 48 50 54
10 1.0 18.0 0.52 37 52 66 72 83 101 1 1 3 131 143 155 167 173 187
10 1.5 22.0 0.89 77 1 1 3 137 155 180 220 260 290 315 345 380
10 2.0 26.0 1.33 1 37 200 245 285 320 420 520 650 790
10 2.5 30.0 1.85 225 320 420 520 650 960 1240 1440
10 3.0 34.0 2.44 330 550 820 1065 1290 1730 21 20
ACRES HANDLED BY DRAINAGE DITCH WITH 8 to 1 BANK SLOPES
DITCH SIZE... SLOPE OF DITCH BOTTOM IN FEET FALL PER IOO'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet
0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.0 1 6.0 0.30 15 23 27 32 35 43 50 56 60 66 72 75 78
0 1.5 24.0 0.67 46 66 77 95 101 125 149 161 180 193 213 225 240
0 2.0 32.0 1. 19 101 143 173 200 225 285 330 380 440 490 550 605
0 2.5 40:0 1.85 187 265 330 400 470 665 890 1080 1275
0 3.0 48.0 2.66 310 490 720 940 1 135 1540 1900 2230
2 1.0 18.0 0.37 21 30 36 42 47 58 66 77 83 89 95 101 107
2 1.5 26.0 0.79 57 77 95 1 1 3 125 155 1 80 206 225 24 5 265 280 295
2 2.0 34.0 1.33 113 167 206 240 270 335 41 0 480 560 650 735 840
2 2.5 42.0 2.04 213 295 380 480 575 855 1115 1 340 1510
2 3.0 50.0 2.98 345 575 870 1 135 1340 1810 2210 2610
4 1.Ó 20.0 0.44 26 38 46 54 60 72 83 95 101 1 1 3 1 1 9 125 131
4 1. 5 28.0 0.89 66 95 11 9 137 149 187 220 245 270 290 315 335 365
4 2.0 36.0 1.48 131 193 240 280 310 410 500 620 735 855 980
4 2.5 44.0 2.22 230 345 460 575 720 1065 1340 1560 1780
4 3.0 52.0 3. 1 1 390 720 1030 1320 1540 2070 2550 2980
6 0.5 14.0 0.19 8 1 1 14 16 18 22 25 28 31 33 36 38 40
6 1.0 22.0 0.52 33 46 56 66 72 89 101 113 125 137 143 155 16 1
6 1.5 30.0 1.00 77 1 1 3 137 155 173 220 260 285 315 345 380 410 4 50
6 2.0 38.0 1.6 3 155 220 270 31 5 365 490 620 790 925 1065 1205
6 2.5 46.0 2.4 1 265 390 535 700 890 1260 1 540 1810 2080
6 3.0 54.0 3.33 460 855 1190 1490 1780 2380 2920
8 0.5 16.0 0.22 10 14 1 7 1 9 21 27 31 35 38 40 43 46 48
8 1. 0 24.0 0.59 38 54 66 77 83 101 119 1 37 149 161 167 180 193
8 1.5 32.0 1. 1 1 89 125 155 180 206 250 290 330 375 420 460 500 55Ó
8 2.0 40.0 1.78 167 245 300 365 420 590 ?àó 960 1115 1250
8 2.5 48.0 2.59 290 460 650 870 1050 1440 1780 2100
8 3.0 56.0 3.56 510 9-95 1380 1690 1980 2670 3290
10 Ó.5 18.0 0.26 12 17 20 23 26 32 37 41 45 49 52 56 58
10 1.0 26.0 0.67 44 60 77 89 10 1 119 137 155 173 187 200 213 225
10 1.5 34.0 1. 22 101 143 173 206 230 290 335 390 450 500 560 635 700
10 2.0 42.0 1.93 1 87 270 335 420 490 720 940 1150 1340 1480
10 2.5 50.0 2.78 320 520 770 1010 1220 1640 2030 2380
10 3.0 58.0 3.78 590 1135 1540 i3oo 2230 2980 3690
■25- S . R. No. 13
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ACRES HANDLE } BY DRAINAGE DITCH WITH 2 to 1 BANK SLOPES
DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 004 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
4 1.0 8.0 0.22 20 28 34 40 44 55 65 73 82 89 96 104 1 1 0
4 1.5 10.0 0.39 40 66 75 95 105 135 157 179 202 227 240 268 283
4 2.0 12.0 0.59 85 125 157 179 214 283 350 405 500 555
4 2.5 14.0 0.83 135 214 283 350 405 610 810 940
4 3.0 16.0 1. 1 1 227 365 530 695 865 1 175 1420
g 1.0 10.0 0.30 28 40 49 57 64 81 95 105 125 135 146 i 57 168
6 1.5 12.0 0.50 •57 85 1 1 5 1 35 1 46 190 227 268 314 350 385 405
6 2.0 14.0 0.74 1 1 5 168 214 268 314 430 555 &95 835
6 2.5 16.0 1 0 2 190 298 405 555 665 940 1 175
6 3.0 18.0 1.33 298 555 810 1030 1225 1570 1870
8 1.0 12.0 0.37 36 52 65 76 85 105 125 146 168 179 190 214 227
8 1.5 14.0 0.61 75 1 15 146 179 202 268 330 385 475 530 610
8 2.0 16.0 0.89 146 227 298 365 450 665 835 1005
8 2.5 18.0 1.20 240 405 610 810 940 1300 1 540
8 3.0 20.0 1.55 405 810 1 120 1 350 1540 2000
10 0.5 12.0 0.20 1 3 19 23 27 30 36 42 48 52 57 62 66 70
10 1.0 14.0 0.44 44 64 81 95 105 135 168 190 214 227 254 268 298
10 1.5 16.0 0.72 95 146 190 227 268 350 450 555 665 780
10 2.0 18.0 1.04 179 283 385 500 640 890 1 145 1 300
10 2.5 20.0 1.39 314 580 835 1060 1255 1590 1900
10 3.0 22.0 1.78 580 1060 1400 1650 1900 2410
ACRES HANDLED BY DRAINAGE DITCH WITH 3 to 1 BANK SLOPES
... DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 004 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
4 1.0 10.0 0.26 22 32 39 45 51 64 75 85 95 105 111 1 1 9 125
4 1.5 13.0 0.47 57 75 95 1 15 135 168 190 227 254 283 314 350 365
4 2.0 16.0 0.74 105 157 202 240 283 365 500 610 725 835
4 2.5 19.0 1.06 1 79 283 385 530 610 915 1 145 1330
4 3.0 22.0 1.44 314 580 865 1090 1255 1620 1950
6 1.0 12.0 0.33 30 43 54 62 70 85 105 125 135 146 157 168 179
6 1.5 15 0 0.58 66 105 135 157 179 227 268 330 385 430 500 5556 2.0 18 0 0.89 135 202 268 330 385 580 755 915 1060
6 . 2.5 210 1.25 240 385 580 755 915 1255 1490 1720
6 3.0 24 0 1.67 430 835 1145 1370 1570 2020 2410
8 1.0 14 0 0.41 38 55 70 83 95 1 15 135 157 179 190 214 227 240
8 1.5 17.0 0.69 1 85 135 168 190 227 298 385 450 555 640 725
8 2.0 20.0 1.04 168 268 350 450 555 810 1030 1225 1 370
8 2.5 23.0 1.44 298 555 810 1005 1225 1540 1850 2130
8 3.0 26.0 1.89 580 1060 1400 1670 1920 2430 2910
. 1 0 __ 13.0 0.21 I 1 4 20 24 28 31 38 44 50 54 59 64 68 72
10 1.0 16.0 0.48 47 69 85 105 115 146 179 202 227 254 268 298 314
10 1.5 19.0 0.81 1 105 157 202 254 283 405 530 665 780 890 975
10 2.0 22.0 1.18 1 202 330 475 610 755 1060 1300 1490 1670
10 2.5 25.0 1.62 385 725 1030 1280 1450 1870 2230
10 3.0 28.0 2.1 1 1 755 1300 1670 1970 2250 2890
GENERAL SUGGESTIONS
USE 2 to I OR 3 to I BANK SLOPES ON DITCHES THAT ARE NOT TO BE CROSSED WITH MACHINERY. USE 4 to I BANK SLOPE 
WHERE THE DITCH WILL BE CROSSED WITH MACHINERY BUT FARMING OPERATIONS WILL BE PARALLEL TO THE DITCH.
USE 8 to I BANK SLOPE WHERE FARMING OPERATIONS WILL BE ACROSS THE DITCH.
HOW TO USE THE TABLES
DETERMINE THE GENERAL SLOPE OF THE GROUND SURFACE ALONG THE ROUTE OF THE PROPOSED DITCH AND THE NUMBER 
OF ACRES THAT WILL DRAIN INTO THE DITCH. SELECT TABLE, BASED ON ABOVE SUGGESTIONS, FOR THE BANK SLOPE 
TO BE USED. FROM THE TABLE SELECT A DITCH BOTTOM SLOPE THAT WILL PROVIDE THE NEEDED DEPTH THROUGHOUT 
THE LENGTH OF THE DITCH FOR THE NUMBER OF ACRES THE DITCH WILL DRAIN.
CONSTRUCT THE DITCH FROM 3“ to 6" DEEPER THAN THE DEPTH SELECTED FROM THE TABLE IN ORDER TO PROVIDE 
FOR LOSS OF CAPACITY DUE TO TILLAGE OPERATIONS AND EROSION OF THE BANKS.
U. S. DEPARTMENT OF AGRICULTURE  
SOIL CONSERVATION SERV ICE
-26 S'. B . No. 13
T a b le  8 -A . D itch  D e s ig n  C u rv e  VC"
ACRES HANDLE } BY DRAINAGE DITCH WITH 4 to 1 BANK SLOPES
DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 004 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.5 1 2.0 0.33 32 40 57 66 75 85 105 125 135 146 1 57 168 1790 2.0 16.0 0.5 9 66 105 125 146 168 227 268 314 365 405 475 530 580
0 2.5 20.0 0.93 135 202 268 330 385 580 755 915 1060 1200
0 3.0 24.0 1.33 240 405 610 810 940 1300 1540 1770
2 1.0 10.0 0.22 17 25 30 35 40 49 57 64 71 77 84 95 95
2 1.5 14.0 0.43 44 65 82 95 105 135 168 190 2i4 227 254 283 298
2 2.0 18.0 0. 74 95 146 179 214 254 330 430 530 640 725 810
2 2.5 22.0 1. 1 1 179 283 385 500 640 890 1 120 1 300 1470
2 3.0 26.0 1.56 330 610 890 1120 1 300 1670 1970 2250
4 1.0 12.0 0.30 25 30 43 51 57 70 85 95 105 1 i 5 1 25 135 1 46
4 1.5 16.0 0. 56 57 95 1 1 5 135 157 190 227 268 314 350 385 430 475
4 2.0 20.0 0.89 125 190 240 298 350 500 665 810 940 1090
4 2.5 24.0 1.30 227 385 555 755 890 1225 1470 1670
4 3.0 28.0 1.78 450 835 1145 1400 1 590 2050 24306 1.0 1 4.0 0.37 33 46 59 69 78 95 1 15 135 146 157 179 190 2025 1.5 1 8.0 0.67 75 1 1 5 146 1 79 202 268 330 385 450 530 610 665 755
6 2.0 22.0 1 0 4 157 240 314 405 500 725 940 1120 1280 1400
6 ' 2.5 26.0 1.48 298 530 780 975 1 175 1520 18 00 2050
6 3.0 30.0 2.00 580 1060 1420 1690 1920 2460 2940
8 0.5 12.0 0.1 9 1 2 17 20 23 26 32 36 40 45 48 52 56 60
8 1 0 16.0 0.44 41 60 74 85 105 125 146 168 1 90 202 227 240 268
8 1. 5 20.0 0.78 95 146 1 90 214 254 350 450 555 640 755 835 915
8 2.0 24.0 1.19 1 90 298 430 555 695 975 1225 1400 1570
8 2. 5 28.0 1.67 365 695 975 ¡225 1420 1800 2150 2460
§ 3.0 32.0 2.22 755 1300 1670 1970 2280 2890 3430
10 0.5 1 4.0 0.22 14 20 25 29 32 39 44 52 56 63 66 70 75
10 1.0 1 8.0 0.52 50 72 95 105 125 157 179 214 240 268 298 314 350
10 1.5 22.0 0.89 1 1 5 179 227 268 330 450 610 755 865 975 1090
10 2.0 26.0 1.33 227 385 555 725 890 1200 1450 1670 1870
10 2.5 30.0 1.85 475 890 1200 1450 1670 2130 2540 2890
10 3.0 34.0 2.44 915 1490 1920 2280 2620 3350 3960
ACRES HANDLED BY DRAINAGE DITCH WITH 8 to 1 BANK SLOPES
DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.0 16.0 0.30 21 30 36 42 47 60 70 78 85 95 102 1 09 1 16
0 1.5 24.0 0.67 64 95 1 1 5 1 46 157 202 254 283 330 365 430 475 530
0 2.0 32.0 1.19 157 240 314 385 475 725 91 5 1090 1255 1370 1490 1590
0 2.5 40.0 1.85 350 640 915 1 145 1 330 1690 2020 2300 2600
0 3.0 48.0 2.66 835 1370 1770 2100 2380 3050 3620 4130
2 1.0 1 8.0 0.37 28 40 49 57 65 82 95 1 1 5 125 135 146 1 57 168
2 1.5 26.0 0.79 80 1 15 146 179 202 268 330 405 475 555 640 695 780
2 2.0 34.0 1 33 179 298 405 530 665 940 1175 1350 1520 1670 1800 1950
2 2.5 42.0 2.04 430 780 1090 1350 1540 1970 2350 2700 3000
2 3.0 5 0 0 2.98 975 1540 2000 2380 2700 3490 4100 4680
4 1.0 20.0 0.44 35 52 64 75 85 105 125 146 157 179 190 202 214
4 1.5 28.0 0.89 95 146 1 90 227 254 350 450 555 665 755 86 5 940 1030
4 2.0 36.0 1.48 214 365 530 695 835 1 1 75 1400 1620 1800 1970 2150
4 2.5 44.0 2.22 1 500 975 1300 1540 1 770 2280 2700 3020 3430
4 3.0 52.0 3.1 1 1 1 20 1770 2230 2680 3050 3880 4600 5220
6 0.5 14.0 0.19 1 1 1 5 18 21 24 29 33 37 41 44 48 51 54
6 1.0 22.0 0.52 44 63 79 95 105 135 157 179 202 227 2 40 268 2 8 3
6 1.5 30.0 1.00 1 1 1 5 179 227 268 314 450 610 725 865 975 1090 1 175 1280
6 2.0 38.0 1.63 268 450 665 865 1030 1370 1620 18 70 2080 2280 2480
6 2.5 46.0 2.41 1 640 1 1 20 1470 1 740 2020 2570 3050 3490 3900
6 3.0 54.0 3.33 11 3 00 1970 2510 2970 3400 4350 5140
8 0.5 i 6 0 0.22 1 3 18 22 25 29 36 41 46 51 55 60 63 67
8 1.0 24.0 0.59 i 52 75 95 1 1 5 125 157 190 227 254 283 2 9 8 3 3 0 365
8 1.5 32.0 1.1 1 135 202 268 330 405 580 755 915 i 060 1200 l3 0 0 I4 Ó 0 I49Ö
8 2.0 40.0 1.78 1 298 555 810 1030 1200 1570 1870 2 130 2350 2620
8 2.5 48.0 2.59 755 1300 1670 2000 2250 2890 3430 3930
8 3.0 56.0 3.56 1420 21 80 2780 3290 3740 4770 5700
10 Ö.5 1 8.0 0.26 1 16 22 27 31 35 43 50 56 62 68 73 78 83
10 1.0 26.0 0.67 1 6 i 85 1 1 5 135 157 190 227 268 314 350 385 4 3 0 4 7 5
10 1.5 34.0 1.22 1 157 240 314 405 500 755 940 1 1 20 1280 1400 1470 1650 1740
10 2.0 42.0 1.93 350 665 940 1200 1370 1770 2100 2410 2700 2940
10 2.5 50.0 2.78 1 890 1450 1850 2 2 0 0 2510 3210 3820 4350
10 3.0 58.0 3.78 11570 2380 3050 3620 4130 5240 6240
S. R. No. 13-27-
T a b le  9. D itch  D e s ig n  C u rv e  "D "
ACRES HANDLED BY DRAINAGE DITCH WITH 2 to I BANK SLOPES
DITCH SIZE.
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
4 1.0 8.0 0.22 30 42 51 61 70 88 106 121 1 36 140 1 60 174 1 85
4 1.5 10.0 0.39 61 I 07 124 158 1 76 231 271 319 377 455 495 575 620
4 2.0 12.0 0.59 1 40 2 12 271 319 415 620 780 900 1055 1 140
4 2.5 14.0 0.83 231 415 620 780 900 1220 1445 1620
4 3.0 16.0 1.1 1 455 820 1 100 1320 1515 1920 2290
6 1.0 10.0 0.30 42 61 78 91 104 134 158 176 212 231 246 267 286
6 1.5 12.0 0.50 91 140 194 231 250 345 455 575 700 780 880 900
6 2.0 14.0 0.74 1 94 293 415 575 700 940 1140 1 320 1480
6 2.5 16.0 1.02 345 660 900 1 140 1300 1620 1920
6 3.0 18.0 1.33 660 1140 1445 1730 2000 2520 3000
8 1.0 12.0 0.37 54 82 106 126 140 176 212 250 293 319 345 415 455
8 1.5 14.0 0.61 124 194 250 319 377 575 740 880 1015 1100 1220
8 2.0 16.0 0.89 250 455 660 820 975 1300 1480 1690
8 2.5 18.0 1.20 495 900 1220 1445 1620 2100 2490
8 3.0 20.0 1.55 900 1445 1840 2180 2490 3210
10 0.5 12.0 0. 20 20 29 35 40 45 55 66 76 84 91 101 107 1 1 6
10 1.0 14.0 0.44 68 J 04 134 158 176 231 293 345 41 5 455 535 575 660
10 1.5 16.0 0.72 158 250 345 455 575 780 975 i 140 1300 1410
10 2.0 18.0 1.04 319 620 880 1055 1260 1550 1880 2100
10 2.5 20.0 1.39 700 1180 1480 1770 2030 2570 3040
10 3.0 22.0 1.78 11 80 1770 2260 2640 3040 3850
ACRES HANDLE } BY DRAINAGE DITCH WITH 3 to 1 BANK SLOPES
....DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet
0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
4 1.0 10.0 0.26 33 48 58 72 80 1 04 1 24 140 158 172 185 201 215
4 1.5 13.0 0.47 91 1 24 158 194 231 293 345 455 535 620 700 780 820
4 2.0 16.0 0.74 176 271 377 495 620 820 1055 1220 1340 1480
4 2.5 19.0 1.06 319 620 880 1 100 1220 1580 1880 2140
4 3.0 22.0 1.44 700 1 180 1515 1800 2030 2600 3130
6 1.0 12.0 0.33 45 67 86 101 116 140 176 212 231 250 271 293 319
6 1.5 15.0 0.58 107 176 231 271 319 455 575 740 880 940 1055 1 140
6 2.0 18.0 0.89 231 377 575 740 880 1 180 1375 1580 1770
6 2.5 21.0 1 25 495 880 1180 1375 1580 2030 2400 2760
6 3.0 24.0 1.67 940 1480 1880 2220 2520 3250 38 50
8 1.0 14.0 0.41 57 88 114 138 158 194 231 271 319 345 415 455 495
8 1.5 17.0 0.69 140 231 293 345 455 660 880 975 1 140 1260 1340
8 2.0 20.0 1.04 293 575 780 975 1 140 1445 1730 2000 2220
8 2.5 23.0 1.44 660 1140 1445 1690 2000 2490 2970 3400
8 3.0 26.0 1.89 1 180 1770 2260 2680 3090 3900 4640
10 Ô.5 1 3.0 0.21 21 30 36 42 46 57 68 79 86 94 104 no 1 1 9
10 1.0 16.0 0.48 75 1 12 140 176 194 250 319 377 455 535 575 660 700
10 1.5 19.0 0.81 176 271 377 535 620 900 1 100 1300 1410 1550 1650
10 2.0 22.0 1. 18 377 740 1015 1 220 1375 1770 2100 2400 2680
10 2.5 25.0 1.62 880 1340 1730 2060 2330 3000 3570
10 3.0 28 0 2.11 1 375 2100 2680 3170 3610 4600
GENERAL SUGGESTIONS
USE 2 to I OR 3 to I BANK SLOPES ON DITCHES THAT ARE NOT TO BE CROSSED WITH MACHINERY. USE 4 to I BANK SLOPE 
WHERE THE DITCH WILL BE CROSSED WITH MACHINERY BUT FARMING OPERATIONS WILL BE PARALLEL TO THE DITCH.
USE 8 to I BANK SLOPE WHERE FARMING OPERATIONS WILL BE ACROSS THE DITCH.
HOW TO USE THE TABLES
DETERMINE THE GENERAL SLOPE OF THE GROUND SURFACE ALONG THE ROUTE OF THE PROPOSED DITCH AND THE NUMBER 
OF ACRES THAT WILL DRAIN INTO THE DITCH. SELECT TABLE, BASED ON ABOVE SUGGESTIONS, FOR THE BANK SLOPE 
TO BE USED. FROM THE TABLE SELECT A DITCH BOTTOM SLOPE THAT WILL PROVIDE THE NEEDED DEPTH THROUGHOUT 
THE LENGTH OF THE DITCH FOR THE NUMBER OF ACRES THE DITCH WILL DRAIN.
CONSTRUCT THE DITCH FROM 3" to 6“ DEEPER THAN THE DEPTH SELECTED FROM THE TABLE IN ORDER TO PROVIDE 
FOR LOSS OF CAPACITY DUE TO TILLAGE OPERATIONS AND EROSION OF THE BANKS.
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ACRES HANDLED BY DRAINAGE DITCH WITH 4 to 1 BANK SLOPES
DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 004 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.5 12.0 0.33 48 68 91 107 1 24 140 1 76 212 231 250 271 293 3190 2.0 .16.0 0.59 107 176 212 250 293 455 575 700 820 900 roi5 1100 1 1800 2.5 20.0 0.93 23 i 377 575 740 880 1 180 1375 1580 1770 1950
0 3.0 24.0 1.33 495 900 1220 1445 1620 2100 2490 2850
2 1.0 10.0 0.22 26 37 45 52 61 78 91 104 1 17 127 139 149 1582 1. 5 14.0 0.43 70 106 136 158 176 231 293 345 415 455 535 620 6602 2.0 18.0 0.74 158 250 319 415 535 740 940 MOO 1 260 1 340 14452 2.5 22.0 1.1 1 319 620 880 1055 1260 1550 1840 2100 2370
2 3.0 26.0 1.56 740 1220 1550 1840 2100 2680 3170 3610
4 1.0 12.0 0.30 37 45 67 80 91 1 16 140 158 176 194 212 23 1 2504 1.5 16.0 0.56 91 158 194 231 271 345 455 575 700 ?80 880 940 10154 2.0 20.0 0.89 212 345 495 660 780 1055 1300 1445 1620 18004 2.5 24.0 1.30 455 880 1 140 1375 1550 2000 2370 2680
4 3.0 28.0 1.78 975 1480 1880 2260 2570 3280 3900
6 1.0 14.0 0.37 49 73 94 1 ! 2 129 158 1 94 231 250 2 ? l 319 345 3776 1.5 18.0 0.67 124 1 94 250 3 i 9 377 575 740 880 975 ft 50 1 220 1300 13756. 2.0 22.0 1.04 271 495 700 900 1055 1340 1620 1840 2060 2260
6 2.5 26.0 1.48 660 1 '00 141 0 1650 1920 2450 2890 3280
6 3.0 30.0 2.00 1 180 1770 2290 ?7?Q 3090 3940 4680
8 0.5 12.0 0.19 18 25 30 35 39 48 55 62 72 76 84 90 958 1.0 16.0 0.44 64 95 122 140 176 212 250 293 293 377 455 495 5758 1.5 20.0 0.78 158 250 345 415 535 780 975 1 140 1260 1375 1480 15808 2.0 24.0 1.19 345 660 940 1 140 
2000
1320
2290
1650
2890
2000 2260 2520
8 2.5 28.0 1.67 820 1320 1650 3450 13940
8 3.0 32.0 2.22 1375 2100 2680 3170 3650 4600 5430
10 0.5 14.0 0.22 21 30 37 43 48 58 70 82 90 102 107 11 6 12410 1.0 18.0 0.52 79 i 1 9 ¡58 176 212 271 319 415 495 575 660 700 78010 1.5 22.0 0.89 194 319 455 575 740 975 1220 1375 1515 1650 180010 2.0 26.0 1.33 455 880 1 140 1340 1550 1950 2330 2680 3000
10 2.5 30.0 1. 85 1015 1 550 1950 2330 2680 3400 4060 4600
10 3.0 34.0 244 1 580 2400 3090 3650 4180 5300 6260
ACRES HANDLED BY DRAINAGE DITCH WITH 8 to 1 BANK SLOPES
DITCH SIZE SLOPE OF DITCH BOTTOM IN FEET FALL PER 100'
Bottom
Width
Feet
Depth
Feet
Top
Width
Feet
Cu. Yds. 
per
Lin. Feet 0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 1.0 16.0 0.30 31 45 55 66 75 95 1 1 4 1 29 1 40 158 171 184 1940 1.5 24.0 0.67 104 158 194 250 271 377 535 620 740 820 940 101 5 1 1000 2.0 32.0 1.19 271 495 700 880 1015 1340 1580 1800 2030 2220 2400 25600 2.5 40.0 1.85 780 1260 1580 1880 2140 2730 3250 3690 4140
0 3.0 48.0 2.66 1480 2220 2850 3370 3810 4840 5720 6540
2 1.0 1 8.0 0.37 42 61 78 91 106 1 36 158 194 212 231 250 271 29 i2 1.5 26.0 0.79 1 32 194 250 319 377 575 740 900 1015 1 1 40 1 260 1 320 14102 2.0 34.0 1.33 319 660 900 1 1 00 1300 1620 1920 2180 2450 2680 2900 31302 2.5 42.0 2.04 940 1410 1800 2180 2490 3170 3770 4310 47602 3.0 50.0 2.98 1650 2490 3200 3810 4310 5510 6490 7450
4 1.0 20.0 0.44 52 82 104 1 24 140 176 212 250 271 319 345 377 4154 1.5 28.0 0.89 158 250 345 455 535 780 975 1 140 1300 1 375 1515 1620 17304 2.0 36.0 1.48 415 820 MOO 1320 1480 1920 2260 2600 2890 3170 34504 2.5 44.0 2.22 1055 1650 2100 2490 2850 3650 4310 4880 54304 3.0 52.0 3. 11 1840 2850 3570 4270 4840 6120 7310 8 300
6 0.5 14.0 0.19 17 23 27 32 36 44 50 56 64 70 76 80 866 1.0 22.0 0.52 68 102 131 158 176 231 271 319 377 455 495 575 6206 1.5 30.0 1.00 194 319 455 575 700 975 1220 1340 1515 1650 1800 1920 20606 2.0 38.0 1.63 575 975 1300 1515 1730 2220 2600 3000 3320 3650 39406 2.5 460 2.41 1260 1840 2450 2800 3250 4100 4840 5530 61706 3.0 54.0 3.33 2100 3170 4020 4720 5430 6900 8160
8 0.5 16.0 0.22 1 9 27 33 38 43 54 64 73 80 88 95 102 1098 1.0 24.0 0.59 82 124 158 194 212 271 345 455 535 620 660 740 8208 1.5 32.0 l.l 1 231 377 575 740 900 1 180 1375 1580 1770 1 950 2100 2260 24408 2.0 40.0 1.78 660 1 140 1445 1730 1950 2520 3000 3400 3770 41808 2.5 48.0 2.59 1375 2100 2680 3200 3610 4600 5430 62208 3.0 56.0 3.56 2290 3480 4440 5210 5900 7590 8970
10 0.5 1 8.0 0.26 24 33 40 46 52 67 79 90 101 1 10 121 1 29 13810 1.0 26.0 0.67 97 140 194 231 271 345 455 575 700 780 880 940 101 510 1.5 34.0 1.22 271 495 700 900 1055 1375 1620 1840 2060 2260 2450 2640 280010 2.0 42.0 1.93 780 1300 1620 1950 2220 2850 3370 3850 4310 468010 2.5 50.0 2.78 1550 2330 2970 3530 4020 5090 6030 6900
10 3.0 58.0 3.78 2520 3810 4840 5720 6540 8300 9800 z z d
